In South America, Brazil and Colombia together report more than 70% of the annual malaria cases ( [@B27] ), and concern about the incidence of malaria is increasing in Colombia due to an endemic/epidemic pattern that maintains unstable endemic levels year after year ( [@B7] , [@B2] ). Historically, malaria cases in Colombia have been dominated by *Plasmodium vivax,* accounting for approximately 70% of all reported cases ( [@B9] ); in contrast *P. falciparum* is mostly restricted to the Pacific region ( [@B27] ). Drastic reduction of staff and central budgets for malaria control country-wide in the context of decentralization of services ( [@B27] ) contributed to the weakening of vector-control activities which relied mainly on strategies such as residual house spraying, diagnosis and treatment ( [@B4] , [@B17] ).

Colombia consists of six eco-epidemiological regions, including Orinoquia, within which the department of Meta is located ( [Fig. 1](#f01){ref-type="fig"} ). Meta and Guaviare departments together reported 93% of all cases in Orinoquia ( [@B22] ,b) and both are included in the areas of the highest annual parasite index (API), i.e., 10-671, for Colombia ( [@B9] ). Nevertheless, Meta ranked only eighth in case numbers by department for Colombia in 2010 ( [@B9] ).

Fig. 1: map of Colombia showing the locations of the department of Meta and the municipality of Puerto Gaitán.

The major regional vector in Orinoquia is *Anopheles (Nyssorhynchus) darlingi* Root ( [@B29] , [@B14] ), which generally breeds along the margins of rivers ( [@B11] , [@B26] , [@B32] ) and is abundant in Meta where there are several large rivers ( [@B19] , [@B6] ). Additionally, *An. darlingi* has been found in fishponds in Colombia and Peru, suggesting adaptation to anthropogenic breeding sites ( [@B19] , [@B33] , 2009, reviewed in [@B13] ).

The municipality of Puerto Gaitán is located roughly 193 km ( [Fig. 1](#f01){ref-type="fig"} ) from the departmental capital Villavicencio, and has approximately 17,161 inhabitants, including 6,178 (36%) who live in or near the town centre and 10,983 (64%) who live in nine nearby indigenous reserves, representing the Sikuani, Piapoco and Sáliba. The main local economic drivers are oil extraction, cattle ranching, small-scale agriculture, fishing, and tourism ( [@B25] ). Oil extraction activities have resulted in unplanned urbanization, an influx of migrants seeking economic opportunities, and environmental degradation due to construction of new access roads and temporary (plastic) urban and peri-urban housing with very limited, if any, public services ( [@B3] ). In rural areas, illegal agriculture and mining and social inequality, among other factors, interfere with access to public health services, resulting in considerable self-medication. Also, because of armed conflict and the presence of insurgent troops along with legal military forces ( [@B9] ) in the nearby departments of Guaviare and Vichada ( [Fig. 1](#f01){ref-type="fig"} ), many people have been compelled to migrate, sometimes carrying with them new or resistant *Plasmodium* strains from other Colombian endemic malaria regions ( [@B1] ).

Malaria transmission in Colombia is predominantly rural, although peripheral areas are highly affected ( [@B16] , [@B27] ). Urban malaria, which is now of global concern ( [@B10] ) has been documented in Colombia ( [@B20] , [@B18] , [@B14] ), but not previously in Puerto Gaitán or the department of Meta. There are local malaria cases in Puerto Gaitán, in both children and adults unlikely to have acquired the parasites in surrounding endemic areas ( [@B28] ).

The purpose of this study was (i) to examine changes in the *Plasmodium vivax* / *Plasmodium* *falciparum* ratio between the department of Meta and the municipality of Puerto Gaitán over six years (2005-2010); (ii) to evaluate associations between human demographic variables and *Plasmodium* infection in Puerto Gaitán in 2009 and 2010; and (iii) to seek evidence of local urban malaria transmission in this small town.

MATERIALS AND METHODS
=====================

*Study site* - The department of Meta is in the eastern Orinoco region of Colombia and consists of 29 municipalities, including Puerto Gaitán, and 25 indigenous reserves, the latter representing 2% of the population ( [@B12] ). The municipality of Puerto Gaitán extends from 3º 05'-4º 08'N to 71º 05'-72º 30'W and comprises an area of 17,492 km ^2^ , at an altitude of 149 m, with an average annual temperature of 30°C, and eight months of rainfall (April -- November) followed by three dry months (December -- March). The urban area is 11.6 km ^2^ , with 85% paved roads, and 4,145 houses, of which 80% have indoor plumbing. There are several nearby rivers (Manacacías, Planas, Tillavá, Yucao, Uva, Iteviare, Tomo, and Muco) and natural lakes ( [@B3] ). Four microscopists in the surrounding rural area and five medical personnel are responsible for the entire indigenous population. Rural malaria cases are treated by microscopists who provide medication based on diagnosis. Serious malaria cases are referred to the health care services in the town centre, and complicated cases are referred to one of the hospitals in Villavicencio, the capital of Meta. Both the registered microscopists and the contracted health care institutions in the municipality provide weekly reports of cases to the municipal Office of Prevention and Public Health, and from here to the department. Epidemiological and entomological surveillance, including vector control, is the responsibility of the department ( [@B28] ).

*Epidemiological data* - For epidemiological malaria case reporting in Colombia (including Meta), the number of positive slides from the Laboratorio de Salud Publica and Oficina de Vigilancia en Salud Pública from Secretaria Departamental de Salud del Meta, 2011 ( [@B28] ) was considered to be equivalent to the number of malaria cases ( [@B21] ). Epidemiological data from 2009 and 2010 for Puerto Gaitán were provided by the Alcaldia Municipal de Salud. Each house with a reported malaria case was geo-referenced with a hand-held GPS unit. Malaria cases data were deidentified by removing patient names prior to analysis.

*Data analysis* - An analysis of data from a six-year period was undertaken to evaluate patterns in malaria case numbers in the department of Meta compared with those in the municipality of Puerto Gaitán. For these data, cases of mixed infection with *P. falciparum* and *P. vivax* were added to totals of each of these parasites, as in [@B24] . In subsequent analyses, the data, from Puerto Gaitán in 2009 and 2010, were based on the total municipal population \[urban and non-urban; [@B28] \]. Pearson's Chi-squared tests were used to determine whether the distribution of *P. vivax* or *P. falciparum* cases differed between 2009 and 2010 with respect to pertinent variables, including the patient's sex, age group (categorized as 0-10, 11-15, 16-40 and \>40 years; [@B8] ), and geographical setting (urban versus non-urban). Urban cases were defined as the positive slides from houses within the town limits of Puerto Gaitán, whereas non-urban were defined as those outside these limits. Due to the low number of mixed infections (6 cases in 2009 and 10 cases in 2010), and because Pearson's Chi-squared test assumes that all observations are independent, cases of mixed infection were excluded from these analyses.

RESULTS AND DISCUSSION
======================

*Six year malaria case trends in Meta and Puerto Gaitán* - Malaria case data from the Department of Meta and from the municipality of Puerto Gaitán, Meta, Colombia were examined for 2005 through 2010. Between 2005 and 2010, the percentage of total malaria infections in Meta that occurred in Puerto Gaitán increased greatly, from 4% to 25%. Previous reports suggest that the average ratio of *P. vivax* to *P. falciparum* cases (Pv/Pf ratio) is approximately 3:1 ( [@B30] , [@B31] ). As seen in [Table I](#t01){ref-type="table"} , the Pv/Pf ratio fluctuates around this reported average ( [Table I](#t01){ref-type="table"} , mean 2.53, range 2.12-3.99). In every year, 2005-2010, *P. vivax* cases outnumbered *P. falciparum* cases in Meta. However, in the municipality of Puerto Gaitán, the Pv/Pf ratio varied widely ( [Table I](#t01){ref-type="table"} ; mean 1.41, range 0.57-3.02). In 2005, the ratio was 3.02, and one year later it was 0.89, meaning *P. falciparum* cases outnumbered *P. vivax* cases in Puerto Gaitán. The Pv/Pf ratio again increased throughout 2007, 2008 and 2009, but dropped off abruptly, again, in 2010, to 0.57.

TABLE IDistribution of malaria cases by *Plasmodium* species and *P. vivax* / *P. falciparum* ratio in the Department of Meta and the Municipality of Puerto Gaitán, Colombia (2005-2010)LocationYearMalaria cases ^*a*^ (n)Pv/Pf ratioPvPfTotalDepartment of Meta20053,9511,6595,6102.3820062,4651,0083,4732.4520079744601,4342.1220081,6385352,1733.0620097951999943.9920106932969892.34Mean1,753693 2.53Municipality of Puerto Gaitán2005169562253.022006941062000.8920074440841.10200896421382.292009150542042.782010891572460.57Mean10776 1.41*a:* the small number of mixed infection slides was added to each of the *Plasmodium* species columns; Pf: *Plasmodium falciparum* ; Pv: *Plasmodium vivax* .

*Distribution of malaria cases in Puerto Gaitán in 2009 and 2010* - In Puerto Gaitán, 192 cases of malaria (144 *P. vivax* and 48 *P. falciparum* ) occurred in 2009, with 226 (79 *P. vivax* and 147 *P. falciparum* ) occurring in 2010. Males made up nearly 60% of all cases in both 2009 and 2010 ( [Table II](#t02){ref-type="table"} ). More than 50% of the malaria cases in these two years occurred in people aged 16-40 years ( [Table II](#t02){ref-type="table"} ). Additionally, in 2009, nearly 70% of malaria cases occurred in the urban setting, whereas the cases were more evenly distributed between urban and non-urban settings in 2010 ( [Table II](#t02){ref-type="table"} ). Over 60% of *P. vivax* cases occurred in urban settings; in contrast *P. falciparum* cases occurred nearly equally in both settings ( [Table II](#t02){ref-type="table"} ).

TABLE IIDistribution of malaria cases in Puerto Gaitán, Meta, Colombia by year and by *Plasmodium* species according to the patients' sex, age group and geographical settingVariableYear*Plasmodium* species20092010 *P. vivaxP. falciparum*n% n%n% n%Sex        Male11760.9413459.2913560.5411659.49Female7539.069240.718839.467940.51Age group        0-103819.794218.583716.594322.0511-15147.293314.60229.872512.8216-4011358.8511651.3313158.749850.26\>402714.063515.493314.802914.87Geographical setting        Urban12967.1910345.5814062.789247.18Non-urban6332.8112354.428337.2210352.82

The distribution of malaria cases attributed to *P. vivax* and *P. falciparum* in Puerto Gaitán differed significantly between 2009 and 2010 (Table III; χ ^2^ p \< 0.001). Malaria cases in 2009 were dominated by *P. vivax* (144 of 192 cases), while in 2010, *P. falciparum* was more prevalent (147 of 226 cases). No differences in malaria case distribution were observed between males and females in 2009 and 2010 for either *Plasmodium* species ( [Table III](#t03){ref-type="table"} ; χ ^2^ p \> 0.25 and p \> 0.20 for *P. vivax* and *P. falciparum* , respectively). Similarly, there were no differences observed in malaria case distribution among age groups in 2009 and 2010 for either *Plasmodium* species ( [Table III](#t03){ref-type="table"} ; χ ^2^ p \> 0.20 and p \> 0.25 for *P. vivax* and *P. falciparum* , respectively). However, statistically significant differences were observed between urban and non-urban settings in 2009 and 2010 for each *Plasmodium* species ( [Table III](#t03){ref-type="table"} ; χ ^2^ p \< 0.01 and p \< 0.05 for *P. vivax* and *P. falciparum* , respectively). In 2009, 70% (100 of 144) of *P. vivax* cases occurred in an urban setting, but only 50% (40 of 79) of *P. vivax* cases occurred in the same setting in 2010 ( [Table III](#t03){ref-type="table"} ). The distribution of *P. falciparum* cases was reversed between 2009 and 2010, with 60% (29 of 48) of cases occurring in an urban setting in 2009 and 57% (84 of 147) of cases occurring in a non-urban setting in 2010 ( [Table III](#t03){ref-type="table"} ).

TABLE IIIDistribution of malaria cases in Puerto Gaitán, Meta, Colombia in 2009 and 2010 according to *Plasmodium * species and pertinent demographic variables*Plasmodium* speciesVariableYearχ ^*2*^ p20092010*P. vivax* 14479\< 0.001*P. falciparum* 48147 *P. vivax*Sex    Male8550\> 0.25 Female5929  Age group (years)    0-102314\> 0.20 11-151012  16-409041  \>402112  Geographic setting    Urban10040\< 0.01 Non-urban4439 *P. falciparum*Sex    Male3284\> 0.20 Female1663  Age group (years)    0-101528\> 0.25 11-15421  16-402375  \>40623  Geographic setting    Urban2963\< 0.05 Non-urban1984 

The number of *P. vivax* and *P. falciparum* cases were plotted versus month for both 2009 and 2010 ( [Fig. 2](#f02){ref-type="fig"} ). In 2009, *P. vivax* cases greatly outnumbered *P. falciparum* cases, especially during the dry season ( [Fig. 2](#f02){ref-type="fig"} , unshaded months). However, in 2010, *P. falciparum* was the dominant *Plasmodium* species and occurred primarily in the rainy season ( [Fig. 2](#f02){ref-type="fig"} , shaded months), with peak activity at the end of the dry season (March) and the beginning of the rainy season (April).

Fig. 2: distribution of malaria cases in Puerto Gaitán, Meta, Colombia, according to month. The months of the rainy season (April-November) are shaded.

Between 2005 and 2010 ( [Table I](#t01){ref-type="table"} ), malaria cases in Meta fluctuated (989 - 5,610) with a general downward trend over time. According to [@B9] , the municipality of Puerto Gaitán had a high API in 2010, though many of the other municipalities within the Department of Meta had lower APIs. According to previous reports, the average Pv/Pf ratio is approximately 3:1 ( [@B30] , [@B31] ). Over the six-year period, in the Department of Meta, the Pv/Pf ratio varied around this reported average, whereas in Puerto Gaitán, the Pv/Pf ratio was lower ( [Table I](#t01){ref-type="table"} ); in 2010, *P. falciparum* cases significantly outnumbered *P. vivax* cases by nearly two-fold ( [Tables I](#t01){ref-type="table"} , [III](#t03){ref-type="table"} ). These malaria case numbers in Puerto Gaitán do not reflect the overall trend for Colombia of a significant increase in malaria cases from 2009 to 2010 (p \< 0.001; [@B9] ) or the fact that 2010 was determined to be an epidemic year. Nevertheless, with such a substantial proportion of *P. falciparum* cases in 2006, 2007, and 2010 in Puerto Gaitán, this municipality is at greater risk of inhabitants acquiring *P. falciparum* than might be evident from the relatively small overall case numbers in Meta.

In Puerto Gaitán, males and people aged 16-40 had a higher percentage of cases compared with females and other age groups in both 2009 and 2010, similar to findings throughout Colombia ( [@B9] ). In this town, persons aged 16-40 are often the heads of households and thus any illness due to malaria could result in local economic destabilization. Despite the gender and age difference in cases, one mortality of a 30 year-old female was registered in 2009, and another of a 15 year old male in 2010, the first such deaths in Puerto Gaitán ( [@B29] ).

Furthermore, 3,071 adult female *An. darlingi* the primary malaria vector in Colombia, were collected and identified in Puerto Gaitán over several months in 2009. Of these, 751 (\~24%) were collected inside houses (HL Brochero, unpublished observations). In addition, *An. darlingi* , was identified from streams, river margins and fish ponds within Puerto Gaitán (HL Brochero, unpublished observations). Such fish ponds are frequently located near dwellings and may contribute to an increase in human-vector contact and possible malaria transmission ( [@B5] , [@B32] ). Puerto Gaitán is surrounded by several rivers, which provide additional breeding sites for *An. darlingi* throughout the year. Taken together, data in the present study provide evidence for urban transmission in Puerto Gaitán including both *P. falciparum* and *P. vivax* cases in children under the age of ten.

Only three localities in Colombia have previously reported urban malaria transmission: Quibdó (Chocó) and Buenaventura (Valle del Cauca) on the Colombian Pacific coast ( [@B15] , [@B28] , [@B18] ), and Puerto Carreño in eastern Colombia on the border with Venezuela ( [@B14] ).
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